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PREPARATION OF THIS DOCUMENT 

The management of inland waters for fisheries presupposes a knowledge of the potential 
and functions of fish stooks 9 as well as a familiarity with the many other uses of water 
and aquatic organisms. Taken together these elements oan allow the incorporation of fisheries 
objectives into the general management planning of river basins, thus safeguarding a valuable 
source of protein food or relaxation. This document assembles and summarizes these elements 
together with the basic management techniques available. It uses mainly FAO documentation 
and seeks a synthesis of the work carried out by the FAO Department of Fisheries on inland 
waters in reoent years. More detailed information on the many topics discussed are available 
in the material referred to. 
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Abstract 

Inland waters are not only managed for a number 
of fisheries objective* but also for many industrial, 
agricultural and domestic purposes which affect the 
aquatic environment, including the fish stock. A pre- 
requisite for correct management is the setting of 
objectives which take into account these various uses 
and which are consistent with the requirements of the 
fishery and the internal and external constraint upon 
it. A variety of management techniques are available 
whose applications are discussed in the text. 



1. INTRODUCTION 

The management of inland waters for the benefit of fisheries has interested scientists 
and fisheries administrators for many years* As a result of the development of methods 
for the biological investigation of fish species and for the statistical assessment of their 
stocks, the training of fishermen and the installation of fish harbours, treatment plants 
and marketing networks, catches of fish from inland waters have quadrupled in the last 
25 years and are now near ing the estimated maxima in many areas of the world* 

As the present phase of rapid expansion draws to a close the need increases for more 
effective management of the waters to augment production and ensure sustained yields* 
Furthermore, whilst fisheries have been expanding so have many other agricultural, domestic 
and industrial activities for which water is essential. As a result competition is arising 
in many sectors for what are now recognised to be limited renewable resources* Consequently, 
priorities for fisheries management have shifted from the narrow aim of a rapid development 
of a resource, to an attempt to balance fisheries needs against those of other users. 

This means that decisions within the fisheries sector are frequently dictated by 
factors external to the fishery* It is not always possible to select the path that seems 
most logical in accordance with traditional approaches to fishery management. The use of 
the aquatic resource for one or more of the objectives associated with fisheries must be 
integrated into the general planning of the lake or river basin as a whole. Indeed there 
are circumstances which entirely preclude the use of a water body for fisheries. These 
do not always entail the effective destruction of fish stocks, as might happen locally in 
an area devoted to heavy or highly polluting industry, but might also occur in a rich and 
healthy water body as in the case of game or nature reserves* We will not consider such 
rare oases here but will concentrate on those areas where fisheries and other water uses 
coexist and where the resulting tensions or conflicts must be resolved. In this paper we 
have assumed, for the most part, that the decision as to how a particular water resource 
is to be used has been taken, either explicitly or implicitly, externally to the fishery. 
The fishery manager is, however, being asked more frequently to participate in the higher 
levels of deoisioiMnaking, usually by providing estimates of the short and long term values 
of various kinds of fishery use* 

Those who make the decisions on the use of water resource are not always aware of the 
ways in which the components of the multi-use system react upon the fish stock or even the 
effects of fishery management decisions upon the fisheries. This document which has been 
prepared in an attempt to clarify these points, gives an outline of the various considera- 
tions bearing on the management of inland waters for fisheries, summarizes some of the ways 
in which they are likely to interact and discusses the various factors determining the 
setting of priorities within the aquatic system and the fishery. 

2. EFFECTS OF PRIORITIES IN THE MULTIPLE-USE SYSTEM 

Fisheries do not consume water but they do require certain conditions of water quality 
and environmental protection that preclude or limit many other activities. Thus whilst the 
use of water for recreation, for instance, does not normally interfere with the interests 
of the fishery, development for industry may cause serious effects* The decision whether 
an area is to be used primarily for fisheries, or whether fisheries is to be only a secon- 
dary consideration, therefore becomes basic to the formulation of subsequent policy* 

In areas designated as primarily for fishing, all other activities must be subservient 
to the maintenance of an environment acceptable to the favoured stock or stocks. Protective 
actions may have to extend far beyond the actual zone to be managed, especially in the case 
of rivers where actions far upstream can influence the fate of the fish stocks elsewhere. 
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Where fisheries IB the dominant UBS the fisheries scientist IB far freer to exercise hie 
craft, using traditional biological and ecological approaches to the solution of what are 
purely fisheries problems. But even here the objectives for which the fishery is managed 
arise from socio-economic considerations external to it. 

If fisheries are not the priority users of the system, they may have lower priorities 
until in the most extreme instance they disappear through excessive pollution, or because 
the water body on which they depend has been converted into dry land. In such cases the 
fisheries manager has to maintain some sort of fish stock by compromises with other interests 
and his choices are even more restricted by decisions taken external to the fishery. 

3. USES OP THE AQUATIC RESOURCE FOR PURPOSES OTHER THAN FISHERIES 

In many ways the assemblage of characteristics of a river summarizes the geology and 
geography of its basin as well as its development for human affairs. By extension this 
applies even to large lakes, though to a lesser degree. Indeed all activities taking 
place on earth are eventually reflected in the waters and thereby affect the fish popula- 
tion* inhabiting them. This concept im of course too extensive to be of use in the manage- 
ment of aquatic systems and certain activities have to be identified as bearing more direct- 
ly on the fish resource. 

Water itself is used for a great variety of purposes other than fisheries. Some of 
these may consume water, in that during the process of use water is either taken from the 
system, or is altered in quality by the addition of extraneous materials or heat. In this 
category comes the use of water for drinking by humans and animals, for irrigated agriculture, 
for domestic purpose, and for a great variety of industrial processes including the genera- 
tion of energy. Other uses may not consume water in that its quality or quantity is left 
relatively unchanged by the activity. Such include the UBS of water for ornament or for 
recreation, and to some extent for navigation. Actions within river basins which do not 
directly use water may also induce important changes in the aquatic system. Thus harvest 
of forest resources can alter the water regime to give shorter and more intense floods and 
increased silt loads. Fertiliser use can be reflected in the aquatic system as an enrich 
ment with nitrogen and phosphorus, and insecticides sprayed on land equally tend to appear 
in the adjacent water ways. 

Users of water may firstly alter its quality, secondly alter its quantity and thirdly 
produce structural changes within the aquatic environment. 

3.1 Changes in Water Quality 

Changes in water quality are brought about by the addition of substances to the water* 
These may either pollute the water or enrich it. Although pollution and enrichment (which 
is also called eutrophication) are usually equated it is useful to keep the two concepts 
separate as they can have entirely different consequences for the fish stock. Pollution 
arises mainly from industrial activities and has received wide attention from diverse sources 
in recent years giving rise to many publications on the subject (e.g., Hynes, 1971)* The 
effects of pollution on the aquatic life in the system may be summarised as* 

i. Actual lethal toxicity which kills the fish at some stage of its life history; 

ii. Sub-lethal effects which may be difficult to detect or to prove, but which 
alter the fish's behaviour in such a manner as to prevent its completing its 
normal life cycle, or simply to reduce its growth; 

iii. Cumulative effects which can render fish either unsafe or unpalatable for 
consumption. 
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Mort pollution effects tend to be very broad affecting many different species. What- 
ever their immediate effect, the response at the community level is a reduction in diversity 
and a shift in species composition toward relatively smaller, shorter-lived forms. This 
tendency mimics the changes expected from heavy fishing; see section 5.4, Fig. 3 (Regier 
and Henderson, 1973; Regier and Loftus, 1972)* and the different forms tend to be additive 
or even synergistio. Pollution stress therefore is apt to reduce the amount of fishing 
which is allowable irrespective of the objectives for which the fishery is being managed. 

Enrichment arises mainly from domestic or agricultural wastes which enrich the environ- 
ment by the addition of phosphorus, nitrogen and organic substances. Moderate enrichment 
is not necessarily harmful and may even be beneficial, but heavy enrichment grades into 
pollution when it is sufficient to produee deoxygenated conditions in the affected body of 
water 

It is obviously unrealistic to assume that polluting activities can be arrested 
completely, but several countries categorize waters according to use and accept that only 
certain waters can be maintained at a quality suitable for fish (Hoi den and Lloyd, 1972). 
For example, Belgium, employs three categories: A - fit for human dr iking water (also 
use able for fish); B - fit for animal drinking water and fisheries; C - fit for industrial 
uses only. The quality of water in any water course may be regulated according to a set 
of criteria established for individual contaminants (U.S. Department of the Interior, 1969; 
Doudoreff and Shumway, 1970; EIFAC Working Party on Water Quality Criteria for Freshwater 
Fishes, 1964, 1968, 1968a, 1969, 1970, 1972, 1973, I973a, I973b). These criteria pertain 
to the requirements for fish, but other sets of criteria have been established for alternative 
uses of the aquatic environment (particularly for drinking water)* Difficulties have been 
known to arise in selecting which of the particular criteria should be selected for any 
water body. It should be evident that management of waste disposal must be done considering 
the whole drainage basin so that the alleviation of problems in one place does not unin- 
tentionally intensify problems elsewhere. The mixing of persistent or toxic wastes with 
readily "recycled" organic materials in industrial and domestic sewerage should also be 
discouraged for optimal use of scarce water resources. It is particularly easy to forget 
that lakes are not self-contained, and while exhibiting their own individuality are also 
affected by the character of the inflow. 

Deleterious effects on the value of water bodies need not be restricted to pollution 
of the water itself but extend to surrounding areas. Intensive recreational use in pick- 
niking, swimming and boating, for instance, may result in so much litter that property 
values on lake shore sites are affected and the type of fishermen interested in fishing 
such waters changes. 

32 Changes in Water Quantity 

Changes in water quantity may take the form of an alteration in the absolute amount of 
water available for fisheries or differences in the timing of release of water and the 
shape of the flood curve in rivers. They arise from the creation of dams and impoundments, 
irrigation and drainage schemes, water transfer, and the canalisation and levle construction 
associated with flood protection. Surface run-off, and therefore the amount of Kater enter- 
ing freshwater systems, is also incidentally increased as a result of urban construction, 
deforestation, road building and certain agricultural practices which produce shortened but 
intensified spates. Water quantity, with emphasis on river and stream discharges, has been 
examined by Frasor (1972, 1972a, 1975). In general, changes in water quantity can affect 
fisheries in two ways, firstly by modifying the environment through inadequate dilution 
of pollutants and secondly by acting directly on the biology of the fish (see Table I). 
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3*3 Changes in the Structure of the Environment 

Structural changes to the environment involve such factors as channel shape, shoreline 
development, bottom type and accessibility to the living organisms. The most obvious example 
of massive change to the environment is the construction of dams. These bar the passage of 
migrating fish, but also alter the flow regimes downstream drying previously inundated areas 
and producing major changes in the form of the river bed. Both these factors affect the 
plant and animal life. Upstream of dams the reservoir supports fish populations which can 
form the basis for new fisheries. Usually a net gain to fisheries is assumed, but in some 
areas, where especially productive floodplains have been lost the balance may be the reverse. 
Canalization, the straightening of river channels, and their containment in artificial levies 
produces similar effects on fish populations as those which occur downstream of dams, i.e., 
a simplification of species composition and an overall drop in productivity (e.g., Cong don, 
1973; Holden and Stalnaker, 1975). 

Increasing changes are occuring in many of the world* s major rivers due to oil tat ion 
caused by poor basin management. High silt loads tend first to choke existing vegetation, 
but later build internal deltas and braided channels, filling channels, lakes and reservoirs, 
and finally, by raising the river bed far above the surrounding plains, provoke extensive 
and catastrophic flooding. 

The possible negative effects of some development activities and suggestions for their 
solution have been summarized by Dill, Kelley and Fraser (1975) whose summary table appears 
in Table I. 

Many of the solutions to problems caused by other uses of the system have been developed 
in the north temperate zone and are therefore adapted mainly to the behaviour of fish species 
of that region. Such technology is not necessarily transferable. For example difficulties 
have already been encountered in fish passes associated with dams. These structures which 
are suited for fish which can swim or leap against strong currents, have been successful for 
salmon ids in Europe and North America, but experiences with similar installations in Africa 
(Daget, 1960) have shown them to be unsuited to African species. 

4. USES OF INLAND FISHERIES RESOURCES 
4 1 Inland Resources as a Source of Food 

Fish and other aquatic organisms are used either directly or indirectly for human 
consumption. Direct use involves either an unprocessed (fresh), frozen or processed product. 
Fish are usually lightly processed by salting, sun drying ar smoking, but heavier processing 
is not uncommon. Products such as Nuoc Mam (fermented fish juice) or fish pastes, cakes and 
pickles are available in many parts of the world. Indirect use involves the feeding of fish, 
often transformed into meal, to poultry or other domestic animals. 

The Yearbook of Fishery Statistics provides estimates of some 10 million tons nominal 
catch for the freshwaters of the world. These are broken down in Table II for the five 
year period 197074. Plotting of the nominal catches over a longer period, Fig. 1 , shows 
the growth of inland fisheries over the past 25 ysars. In general there has been a four- 
fold increase overall, resulting mainly from the increases in Asia and Africa. Catches have 
remained fairly constant or have declined in Europe, North America and the U.S.S.R. In 
I975 f the freshwater fish stocks of these continents seem to be at or near the maximum yield 
of their capture fisheries although further gains might occur with increasing use of a<jua- 
culture. Catches in Central and South America have increased little but have a high potential 
relative to the present low rate of exploitation. Increases in production can therefore be 
anticipated in this area of the world. 
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TABLE II 

Nominal Catoh+s of Freshwater Fish fry Continent 197Q-1974 
(Yearbook of Fishery Statistics, FAO f 1975) 









Catoh t 


x 1 OOO 






Continent 


1970 


1971 


1972 


1973 


1974 


Mean 


Africa 


1 301 


1 328 


1 359 


1 384 


1 411 


1 356 


America North 


136 


130 


131 


147 


153 


139 


America South 


160 


144 


189 


180 


183 


171 


Asia China 


4 153 


4 568 


(4 568) 


(4 568) 


(4 568) 


4 485 


Asia Othsr 


2 120 


2 171 


2 216 


2 357 


2 502 


2 274 


Europe 


226 


215 


223 


247 


252 


233 


Oceania 


2 


3 


4 


2 


5 


3 


U.S.S.R. 


853 


935 


870 


850 


773 


856 


TOTAL 


8 951 


9 494 


9 560 


9 735 


9 847 


9 517 



S.AMERICA 
N. AMERICA 
EUROPE 
U.S.S.R. 



AFRICA 




Year 



1 World nominal oat oh from inland fisheries y 1970-74 
(PAD Yearbook of Fishery Statistics) 
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42 Sport Fishing 

The widespread use of the fifth resources of inland waters for sport is a comparatively 
reoent development and has by and large been confined to the more industrialised countries. 
This use of the resource is associated with what have been defined as "environmental 
intangibles" y the evaluation of the economic and social significance of which is difficult 
(Coomber and Biswas, 1973? Spargo, 1972). Comparative estimates of the relative merits of 
sports and commercial fisheries in any one area are therefore not easy to obtain. Never- 
theless, in many parts of Europe and North America, the sports fishery lobby has been 
sufficiently powerful to impose considerations of environmental quality as well as legisla- 
tion against commercial fisheries in favour of the maintenance of a stock suitable for sport 
fishing. 

Because of the methodological difficulties for evaluating the resource any published 
figures have little significance other than to give an idea of its general importance. 
In Table III, which shows the number of sport fishermen in various European and North 
American countries, the figures may apply to individuals who go fishing at least once per 
year (North America) or to regular licence holders as reported from other countries. 
Figures for sport fishermen apply to both those fishing in marine and freshwater*, but it 
is commonly accepted that at least two-third of these concentrate on freshwaters. Numbers 
of fishermen are surprisingly high and in many countries angling is classified among the 
major participant sports. 

TABLE III 

Numbers of Sport Fishermen in Europe and North America 
(data from Oaudet, 1973 for Europe and from Norling 1968 for America) 





Number of 


% 




Number of 


% 


Country 


fishermen 


of total 


Country 


fishermen 


of total 




x 1 000 


popul at ion 




x 1 000 


popul at ion 


Austria 


200 


2.7 


Roumania 


2OO 


1.0 


Belgium 


230 


2.4 


Spain 


450 


1.4 


Denmark 


300 


6.1 


Sweden 


1 500 


18.7 


Finland 


750 


16.0 


Switzerland 


250 


4.0 r 


France 


5 000 


10.0 


U.K. (England A 


2 800 


5.8 








Wales) 






Germany (R.F. ) 


622 


1.1 


Yugoslavia 


158 


0.8 


Ireland 


50 


2.0 


United States 


25 OOO 


12.0 


Italy 


850 


1.6 


Canada 


1 311 


6.0 


Norway 


242 


6.4 








Poland 


400 


1.3 










TOTAL 


40 856 


6.7 



Gross expenditure on sport fisheries, including such items as equipment, licenses and 
transport to and from the fishing site, is estimated in the United Kingdom at between 
U.S. $4 OO-5OO million per year ( Oaudet, 1973) and in Canada at about U.S.$188 million 
(Norling, 1968). Fees for licenses alone amount to U.S. $5 million for Italy, U.S.S2 million 
for Switzerland and U.S. $450 million for France (Gaudet, loc.cit.). 
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The amount of fish caught by sport fisheries for consumption is also quits important* 
Estimates range from about 20 000 to 100 000 t for France and 10 000 to 12 000 t/yr for 
Finland* In Belgium ths 440 t caught is equivalent to 14*3 kg/ha/yr while in Poland records 
oat oh levels up to 20 kg/ha/yr. In the United States the estimate of 230 000 t from inland 
waters excluding the great lakes is equivalent to 29 kg/ha* 

43 Ornamental Fish 

According to recent estimates (Axel rod, 1973) the worloU-wide retail value of the live 
ornamental fish trade y including accessories, is in the region of U.S. $4 000 million per 
year* The majority of fish of interest to aquarists are native to the tropical and sub- 
tropical areas of the world* There are probably in excess of 6 000 species of potential 
interest (Lachner et al* y 1970) although only about 1 000 are at present generally available. 
Most are small fisET"of no value for food, although the juveniles of some food fishes are also 
popular* On the whole y development of the aquatic resource to supply ornamental fish uti- 
lizes components of the community which do not conflict with either sport or food fisheries. 
There may y however, be ecological effects, so far undetected, resulting from the excessive 
exploitation of these species in their native waters and from escapement into non native 
waters. An idea of the scale of removal of fish IB given in Table IV which indicates the 
relatively large numbers of fish that are withdrawn from fairly limited areas of specialized 
habitat. 

TABLE IV 

Numbers of Fish Exported from Representative Countries 
(data from Conroy, 1975) 



Country 



Number of fish exported 



Brazil 
Colombia 
Guyana 
Hong Kong 

Malaysia 

Peru 

Venezuela 



3 482 000 
10 749 000 

886 124 
20 398 000 

4 329 000 
15 743 000 
10 237 000 



Excluding Hong Kong, whose production is almost entirely from artificial rearing, some 
45 million fish are exported from six countries. As mortalities between capture and export 
are in the range of 50 to 70 percent this means that at least 90 million fish are captured 
yearly in these countries alone* 

The main countries exporting ornamental fish are: 



Asia: 

Latin America: 

Africa: 

Europe: 



Hong Kong, Thailand, Singapore, Taiwan, Philippines, 
Malaysia, Indonesia, Japan, Laos, Korea 

Peru, Colombia, Brazil, Guyana, Venezuela 
Nigeria, Malawi, Burundi, Zaire 
Belgium, Federal Republic of Germany 
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Apart from the European countries, Hong Kong , Singapore, and Taiwan, where fish art 
mostly imported from elsewhere and reared or artificially bred in captivity, these exports 
represent fish captured in the wild. 

4.4 Minor Uses 

In addition to the above three uses, fish are employed for several secondary purposes* 
Of these two, vector control of carriers of diseases and the control of aquatic vegetation 
are fairly common. 

Control of carriers of diseases 

A locally significant use of fish is in the control of vectors of diseases organisms* 
Two species especially, Qambusia affinis and Lebistes retioulatus, have been widely distributed 
around the world to control larvae of the mosquito vectors of malaria (Zeisler, In press). 
To a lesser degree several species of mollusc-eating African cichlids, principal among which 
is Astatoreochromis alluaudi, have been transplanted in an attempt to control the snail hosts 
of schistosoma, the causative organism of bilharzia. The extent to which these fishes have 
been effective is difficult to assess. Eradication of the disease is almost certainly 
impossible by this type of biological control, but it would appear that both groups have 
met with some success in reducing vector numbers. In any case, in areas where intensive 
spraying with chemical control agents is not practicable, few alternatives to the biological 
approach exist. For this reason these methods are particularly popular in aquaculture or in 
areas where large fisheries exist. 

Control of aquatic vegetation 

Certain species of herbivorous fishes have been transplanted in attempts to control 
submerged aquatic vegetation. Chief among these in tropical areas are the plant-eating 
Tilapia sillii and T^ rendalli and in more temperate zones the grass carp Ctenopharyngodon 
i del la 'has been favoured. Such experiments, however, have met with variable success oue to 
the rather unpredictable dietary habits of these species and the need for high stocking 
densities to obtain satisfactory results (Bardach rt al., 1972). 

5. MANAGEMENT FOR FISHERIES OBJECTIVES 

5*1 Setting of Objectives and Strategy for Management 

Management for fisheries objectives is here taken to mean those actions which derive 
from decisions related to the fish stock or to the users of the stock* Management objectives 
for fisheries are usually associated with types of use (section 4) as well as with socio- 
economic factors connected with the fishing community* Apart from financial goals, which 
underlie most management practice, a typical, but not exhaustive, list of such objectives is 
as follows: 

Objectives associated with category of uses 

a) Production of food 

b) Maintenance of stocks for sports fishing 
o) Supply of ornamental fish 

d) Control of unwanted organisms (disease vectors, vegetation, rice borers, etc.) 
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Objective* associated with socio-economic fact ores 

a) Employment 

b) Conservation or other aesthetic values 

Waters can be managed for one or more of these objectives and by using different 
species for different uses conflicts can usually be avoided* However, in intensive situa- 
tions, where similar species are exploited for a variety of purposes, pressures either from 
within the fishery or from outside force the balance in favour of one or two only. Thus, 
sports fisheries have repeatedly secured legislation against commercial fishing practices 
in Europe and North America whereas in tropical countries heavy fisheries for food usually 
suppress the larger individuals and the larger species attractive to the angler. 

Each category can be further divided depending on the local demands. Pood fisheries, 
as we shall see, can be managed for a few preferred species, for maTlmum production of fish 
flesh irrespective of its type or for some mix of these. The management of sports fishing 
waters for salmon ids or coarse fish has likewise been a bone of contention in many areas. 
Similarly amongst socio-economic objectives that of employment has long given rise to mis- 
understanding. The desire is commonly expressed that the maximum number of fishermen be 
employed, and at the same time that the fishermen individually derive the maximum benefit 
from the fishery. Such sub-objectives usually resolve themselves into quality versus 
quantity alternatives that seem for the most part mutually exclusive, although compromises 
almost always have to be made eventually and in situations of intensive use the solution is 
usually imposed by force of circumstances. For instance, the enrichment of many north 
temperate waters with nutrients from waste disposal has altered fish stocks to favour coarse 
fish species, often despite wishes to the contrary. 

Bad management practices can also provoke conflicts between objectives where none need 
exist* Fishing for small ornamental fish can possibly damage stocks of food species by 
extensive removal of their juveniles, or intensive employment of fishermen can cause fishing 
pressures to rise beyond the level that can be supported by larger, more desirable species. 
Conversely maximum wages for individual fishermen can only be achieved where few fishermen 
are employed. Defining such points of tension so as to avoid such difficulties is one of 
the basic tasks of the fishery manager. 

Among the factors which have to be taken into account when dbf in ing the objectives is 
that of timing of harvest. Although most fishery models assume a fairly steady demand over 
the year, this is not always the case, nor is it always practical on sociological or biological 
grounds. Many fisheries, for example, those of floodplains or for anadromous species, are 
fixed in time by the behaviour of the aquatic system or of the fish themselves. In other 
instances the fish may be required to fill a dietary lack at a certain time of the year, to 
conform with religious feast days or to be available for the heavy pressure of a summer sport 
fishing season. 

In terms of management, all objectives demand action aimed at the maintenance of the 
fish stock and define both the preferred composition and the minimum level consistent with 
continued exploitation. However, management of inland fisheries is still far from an exact 
science. The inland fishery manager must make decisions where even a few percent change in 
the production of the fishery can be significant to the people engaged in it, but predictions 
of changes in the resources available can rarely be made within 50 percent* Evaluation of 
the results of any management policy on the fish stocks may also be difficult and may only 
be possible where relatively controlled changes are made. The greatest precision is most 
likely to be attained in measuring the inputs and outputs of the fishery, either in material 
or money, hence the effectiveness of management should usually be evaluated in such terms. 
Research on limnology, fish biology and stock dynamics is certainly required to further 
develop the principles upon which management decisions are made, but for many bodies of 
water such work cannot be an integral part of the decision-making process owing to its ex- 
cessive cost and long-term nature. Often it is more practical to select somewhat arbitrary 
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management measures based on knowledge of the behaviour of other fisheries and subsequently 
to monitor their effects in order to evaluate the need for continuation. 

This strategy for management is indeed very common. Unfortunately there have been too 

few compilations of the experiences of fishery managers with such decision making. Thus 

there is no objective confirmation that the experiences in one fishery can be readily 
generalized to another. 

Where there are relatively few stocks upon which the fishery is highly dependent, these 
stocks may fluctuate considerably in abundance from year to year. Management's greatest 
concern is then likely to be with the variability itself, making sure that the fishery does 
not move from crisis to crisis, or that it does not intensify the fluctuations (Regier, 
Applegate and Ryder, 1969 ) One possible approach to stabilization of these variations is 
regular stocking even if such stocking does not increase the average annual yield, (see 
section 6.3) Planning should at least take the element oi chance into account, allowing 
for the bad year or occasional near complete failure. 

If such probabilistic approaches are to be effective, risks must be spread over many 
independent enterprises. As different waters in the same locality or different fisheries 
in the same (large) water body may not have independently fluctuating stocks, either such 
risks must be spread to national or even international levels, or fishery risks must be 
shared with agricultural enterprises and other local sources of income. It may even be 
better strategy to think of insurance schemes rather than regulatory measures in such 
instances. Unfortunately there has been little experience in fishery science with these 
types of management problems. 

An illustration of how a systematic strategy for efficient development and management 
of fresh water resources can be formulated is the plan proposed to the government of Mexico 
by Henderson (1974). First an inventory of all lakes, ponds and reservoirs is drawn up 
along with imple estimates of their potential fishery productivity. Then all these water 
bodies are rapidly divided into: i) those that are clearly best developed and managed as 
capture fisheries, (ii) those that are of mostly local interest but may have significant 
potential for intensive fish culture or other special uses; and (iii) those of intermediate 
else and potential yield. This third group consists of fisheries or potential fisheries, 
which are likely to be too small to warrant the permanent research programmes needed for 
conventional management, but are of sufficient importance that they cannot be ignored. This 
group can be sub~st ratified with respect to such characteristics as geographical region, 
presence or absence of a fishery, distance from major markets and potential productivity. 
Using rigorous sampling methods, two or three sample fisheries are selected for intensive 
study. Management decisions for the whole population of fisheries could then be taken based 
on the behaviour of the sampled fraction. 

The sequence of decisions and the information needed to make them are sketched in the 
two flow charts given in Figs.2a and 2b. These decision processes, which are discussed 
individually in more detail in the rest of this publication, are considerably oversimplified 
in these charts. Nevertheless, they indicate hew difficult it would be to establish a complete- 
ly objective and scientific management programme for the inland waters of most countries. 
Efficient means of dividing a large number of unit fisheries into those that do not need 
close attention and those that do, are clearly important tools for the inland fisnery planner. 

5.2 Sustainable Yield Concepts 

The concept of maximum sustainable yield (MSY) has been cited for many years as a major 
management objective in food fisheries, and a great amount of attention has been paid to 
methodologies for deriving MSY for various marine and freshwater stocks. Unfortunately the 
concept is applicable mainly to single stocks whose abundance is relatively unaffected by 
a changing environment. The MSY of a stock is also sensitive to changes in the pattern of 
fishing on it. Outside of a few major lakes such conditions are hardly representative of 



freshwater systems and MSY has been used successfully in very few cases. The use of the 

concept as a sole management objective also suffers from severe economic weaknesses in that 

the balance between long term and shortterm interests is not taken into account, a heavy 
bias being introduced towards the long term situation. 

To compensate for some of these deficiencies a further concept, that of Maximum Economic 
Yield (MET - defined as the maximum difference between the value of the catch and the cost of 
catching it) was introduced. The principal disadvantage of MEY is that few fisheries, and 
especially those artisanal or subsistence fisheries of tropical inland waters, can be valued 
in purely economic terms. Furthermore conditions of cost are liable to fluctuate widely in 
mult i species fisheries where catch composition is unstable. 

A third concept, (see Roedel, I975)t is that of Optimum Sustainable Yield (OSY) which 
implies the management of the fishery in terms of some particular benefit defined by the 
society. In actual fact, in many fisheries where maximum production of food over a prolonged 
period is the objective of the fishery OSY can be equated with MSY. 

The optimal yield will vary not only with changes in the rosource, but also with changes 
in social and economic conditions in the community served by the fishery. Especially in 
artisanal fisheries where the individual has other non-fishery activities in his annual 
cycle. Indeed the optimal yield and effort may vary considerably from month to month and 
year to year, a factor which is usually more appreciated by fishermen than by fishery 
managers. Individual stocks often show large differences in abundance between years. However, 
if the fishery is diverse, as for example in most of the food fisheries of lakes and rivers, 
the variation in total abundance of all fishable species, and indeed the catch, is much less. 

The maximum sustainable yield in wexg-ht of fish from mult iple species fisheries appears 
to be attainable over a broad range of fishing effort and environmental conditions. While 
the classic catch and effort curve is probably followed by individual components of the 
community, successive replacement by smaller species delays the eventual diminution of catch 
from the fishery as a whole. As a result the catch is made up of quite different species 
at different fishing intensities, although the absolute tonnage caught may remain relatively 
unchanged (see section %4) The optimal fishing intensity may occur over a much narrower 
range of conditions if objectives other than maximal yield are important. For instance if 
the larger components of the stock are preferred a lower tonnage may have to be accepted. 

5 3 Assessment of the Fisheries Resource 

Assessment of fishery resources has two main phases: i) the initial evaluation of a 
stock or fishery aimed at determining its approximate potential magnitude and (ii) the 
monitoring of the resource to gauge the effects of fishing practices and management measures. 
A number of approaches have been used for both phases of assessment. 

Population dynamics; Population dynamics theory, as summarized by Ricker (1975) seeks to 
establish directly both the sustainable yield and the management measures required to achieve 
it. The methodology and literature associated with this and associated approaches is exten- 
sive and familiar and it has been successfully applied to many individual stocks. However, 
the studies on fish biology which provide the basic data for the necessary mathematical 
analysis are expensive both in terms of qualified labour and of equipment, and the advice 
is not always available at the time it is needed. Further, much of the theory is based on 
the assumption that there is time for the population characteristics of a stock to reach a 
new equilibrium after each change, an assumption that is almost never strictly applicable 
and often not even approximately so. The study of the dynamics of the stock also rapidly 
becomes impossible when dealing with large numbers of species (often in excess of a hundred) 
whose individual dynamics are likely to interact in unpredictable ways. This does not deny 
the usefulness of classic stock assessment as applied to single species whose commercial 
value and scale of capture is sufficient to justify the expense of a resource study of this 
nature. 
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Biological parameters; Simple studies on the biology of fish species while academically 
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parameters have to be Carefully selected either for analysis by population dynamic techniques 



rewarding, do not per se lead towards an evaluation of the fish stock as a whole. Individual 
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or for Monitoring. A variety of characters have been used for the latter purpose but of these, 
growth rate, condition factor and maturation sice appear useful for providing a general indica- 
tion of the health of a stock and its degree of exploitation. The Dutch, for example, regulate 
their rates of stocking for maintenance of sport fisheries by comparison of growth rates of a 
sample against a standard established from long experience (EIPAC, 1972). Similarly low 
condition factor or stunting may be indicative of overcrowding and underfishing or poor en- 
vironmental conditions in small lakes and streams* 

Cat oh assessment survey s t Another approach relies on judging the condition of the stocks 
and of the fishery from changes in catch in relation to fishing effort. The required data 
can be obtained by census of fishermen and landings or more efficiently by sampling surveys. 
Methodologies for catch assessment surveys have been elaborated by Bazigos (1974), and these 
provide a valuable cross check on estimates of catch arrived at by other methods. More 
useful as a monitoring technique than as an indicator of potential, catch assessment does 
provide valuable insights into the trend of the fishery itself. Unfortunately such trends 
arise not only from the biological component of the stock but also from the many social and 
economic pressures acting on the fishery. In any eventuality a knowledge of the actual 
amount of fish being caught is essential to any fishery and programmes of this type are 
indispensable to the fisheries manager. 

Methods for rapid assessment; In inland waters as well as some marine environments the 
maximum yield to be obtained from any body of water tends to be a function of the " richness" 
or biological potential of the water body rather than of any particular element of its stock. 

Estimates based on biological potential have the advantage that they are somewhat more 
rapid, if more approximate, than those obtained by careful analysis of the dynamics of the 
stock itself. 

The relationship between fish production and a measure of biological potential has been 
the concern of limnologists from the early days of the science. Two factors have emerged as 
particularly significant* Rawson (1932 and 1933) has shown an inverse relationship to exist 
between mean depth and fish production in large Canadian lakes, and Fryer and lies (1972) 
have demonstrated a similar relationship for African waters. The relationship between water 
chemistry and fishes production was investigated by Moyle (1936) for lakes in Minnesota, and 
the correlation between physical and chemical indices of production and standing crop of 
bottom fauna and fish in British Colombian lakes has been described by Northcote and Lark in 
(1936) These separate morphological and chemical indices have been combined by Ryder 0965) 
to form a morpho edaphic index (MEl) derived from the expression: 

MEI . TDS 
d 

where TDS Total dissolved solids or some correlate of it and 3 - mean depth. The use of 
this index has been further elaborated by Jenkins (1966 and 1970), Henderson and Weloomme 
(1974) and Ryder et al., (1974). The regression lines Catch . U.3136MBI4681 obtained 
for African lakesTjy Henderson and Wei comae and Catch - 2.094MEI44&1 for north temperate 
Canadian lakes by Ryder (1965) have similar slopes* They are, however, parallel with catch 
values of the north temperate series being about one tsnth those of the African series. 
This suggests a third factor of importance related to climate, as yields of tropical lakes 
as a olass appear to be considerably higher than those of north temperate regions. MEI is 
now used as a management tool in Canada and the United States, and has proved of wide 
application for the rapid assessment of potential in Africa and South America. 

Similar approaches to the evaluation of stocks in rivers have proved more elusive* 
However, it has been shown that for African systems at least, fish catch is primarily a 
function of river length (approximately c . jffi. but also varies according to the degree 

300 
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of floodplain development and the conductivity of the water (Weloomme, 1976). 

Such rule of thumb approaches to the assessment of the mean long-term production to be 
expected from inland water* are generally of insufficient precision to permit the drawing 
up of legislation oriented toward fisheries for particular species. For these, more precise 
studies based on biological parameters of the fish themselves are necessary. What the broad 
estimates do give is a general idea of the magnitude of the resource for the judgment of the 
general sice of investment whether in roads, research, treatment installations, etc., as 
well as the significance of the fishery in the general economy of the river or lake basin. 
They also give a rapid approximation of the number of fishermen that the fishery can support. 

While the biological productivity of the resource is a key element in determining the 
value of a particular fishery, other factors such as accessibility by road and rail, proximi- 
ty to markets or human population centres, and natural aesthetic beauty must also be consider- 
ed, as these also affect the viability of market or sport fisheries. Demand factors are 
also significant. In regions which are richly supplied with lakes and rivers and where 
population density is low few conflicts are apt to arise, whereas in densely populated and 
highly developed areas there is a great pressure on water use. A relatively simple inventory 
taking into account such characteristics of the water bodies in the region for which a fish- 
ery manager is responsible can give him the perspective needed to give rational advice on 
priorities of usage. 

Recently, the development of acoustic methods for the assessment of standing stocks of 
fish presents another possibility for rapid assessment. So far confined in its application 
to pelagic stocks from deep lakes, technological advances in the field promise well for the 
future extension of the methods used to other areas. 

5*4 Problems of Multi species Fisheries 

A full utilisation of the biological productivity of a body of water can, apparently, 
only be had through harvesting a variety of species each dependent on different components 
of the biological aystem. On the other hand, it is not efficient to harvest every species 
and there is some advantage in using only those that are relatively eaay to catch but which 
are also collectors and consumers of components that are less efficiently captured. The 
choice of species to be harvested may often be based on other grounds than maximum yield of 
fish as when sport fish are important in the water in question. Heavy utilization may 
effectively eliminate larger species leaving those that are smaller, faster growing and 
usually more efficient converters of primary production. The kind and amount of harvesting 
to be done must be related to the overall objectives of use of that water body. In the 
usual instance both the quantity and the quality of the harvest will be important. 

Figure 3 illustrates the changes to be expected in a multi-species fishery subjected 
to increasing intensity of fishing, where fishing intensity means the fraction of the ichthyo- 
mass removed per unit time. Initially, fishing will tend to reduce the average age of the 
stocks fished, increasing the efficiency of utilization of their food. Acceleration in 
growth rate and a reduction in the size of maturation of the exploited species is also common. 
Subsequently, as fishing is further intensified, the larger, slower growing, longer lived 
species are apt to be replaced with species of higher turnover rate. While this may also 
raise the productivity somewhat, through more raprid recycling of nutrients, the nutrients 
looked up in the fish stocks are never a very significant portion of the t'otal nutrient pool. 
More importantly, as more of the predators are removed relative to the planktonic and benthio 
feeders, the overall food chain efficiency may be expected to improve but not as much as is 
often assumed (Regier and Henderson, 1973? Dickie, 1975) However, eventually one may 
suppose that the production normally channelled through the fish community will find its way 
to other parts of the system as the limits of the adaptation of fishes to high removal rates 
are reached. At this point the production of the fish community will drop -rather rapidly. 
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During that period when biological fish production changes rather little with increasing 
exploitation, the ichthyomass (biomaes of fish) will tend to remain the same or even decrease 
as the species composition shifts to species with higher turnover rates. With decreasing 
biomass and higher turnover, higher exploitation rates can maintain catches, even allowing 
increases if the biomass does not decline too rapidly (productivity increasing). Eventually, 
however, the catch will also fall. 

Throughout a history of gradually increasing fishing intensity, the catch per unit 
of fishing intensity will probably diminish. If, however, there are technological changes 
which result in more efficient capture, in the sense of an increased fraction of the stock 
removed for a given fishing effort, catch/ individual effort and economic return for a unit 
of effort could increase while the overall catches remain constant, though the number of 
fishermen would have to decrease at the same time. 

The number of species which make up the catch will intially increase, perhaps as shown 
or perhaps more slowly. In some regions, market preferences may be very restricted, so 
that only a few stocks will be fished. When these are reduced, it may take some time before 
the markets can be reoriented to replacement species. Until this happens catches may fall 
and fishing initially be reduced. Whether or not the original stocks recover may depend on 
what other stresses (e.g., pollution) are also acting on the fish community (Regier and 
Loftus, 1972). On the other hand the market demand may be highly diverse, as it is in many 
countries of Africa. In this case the number of species in the catch will first rise rapid- 
ly, much as shown, and then diminish slowly as the more susceptible forms succumb to fishing 
and other pressures. 

6. TECHNIQUES FOR MANAGEMENT 

The fisheries manager has a variety of techniques at hie disposal to enable him to ful- 
fil established objectives. These include: 

i. Legislation which is aimed at the control of water quality, or of 
fishing practices including the setting up of fish reserves and 
reference areas; 

ii. Stocking waters to improve the quality or quantity of the natural 
population; 

iii. Introduction of new elements to the community to improve the stock 
or to fill a vacant niche; 

iv. Modification or protection of the physical structure of the environment; 

v. Culturing fish and other organisms under more or less controlled conditions; 
vi. Influencing the social economic and political environment of the fishery. 
6. 1 Fishery Legislation 

One of the most important and widespread of tools for the management of fisheries is 
that of legislation. However, to be effective laws for the control of the fishery should be 
based on adequate studies of the ecology of the stocks concerned. Furthermore, there should 
be reasonable certainty that the legislation can be enforced, a some times impossible taak 
given the extensive, dispersed and isolated nature of some aquatic systems. Most fisheries 
legislation is designed to affect the fishery directly, although it is becoming more and 
more obvious that laws passed in domains other than fisheries may also have far reaching 
consequences for the waters or the fish stocks in them. Thus it is by strict legislation 
on effluent discharge that water quality in some European rivers has been sufficiently 
improved so as to onoe again support fish life. Similarly measures to protect forested 
areas in the river basin which by their control of runoff and hence flooding, may well do 
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more for the fish stock than any move to control the me ah sice of the fishing gear used 
there. 

Legislation aimed at the fishery itself usually attempts to control either the type 
of gear in use or some feature of it f or to restrict the fishery in time or in place. 

Restriction or complete outlawing of the more destructive fishing practices is of course 
of prime importance. However, even such methods may be appropriate to some circumstances. 
Poisoning of water courses y for example , is liable to be damaging to the stocks of fish in 
rivers or lakes, whereas its use for removing fish from temporary floodplain pools, may be 
quite permissible. Unfortunately, were the use of poisons to be allowed in the particular 
case it would rapidly extend to other areas of the system. Gear is often prohibited for 
reasons other than those bearing directly on the fish stock. Long lines, for instance are 
regarded with disfavour by users of cast nets which may be snagged on the long lines, and 
are apt to be outlawed where the latter gear is in common use. Barriers which completely 
block the river channel, thus stopping fish migration are as likely to be removed for reasons 
of navigation as for fisheries. 

Limitation of the selectivity characteristics of gear IB also a widespread practice. 
Unfortunately much of the theory underlying mesh selection by size in gill nets has recent- 
ly been shown to have somewhat dubious foundations (Hamley, 1973)* Selection for size is 
also subject to much the same limitations as the maximum sustainable yield concept of popula- 
tion dynamics theory (see section 52) in that it enly has meaning when applied to a 
particular species under relatively stable environmental circumstances. The motive under- 
lying mesh size regulations is mostly for the protection of immature fish or for the adjust- 
ment of the maximum yield per recruit of the larger and more desirable species. While this 
is a valid objective in certain fisheries and is an effective means of managing the fishery 
for quality, smaller and often more abundant species are excluded from the catch and quantity 
considerations suffer. Usually where there is a premium on the maximum catch in a srulti 
species stock regardless of the species mesh sizes show a progressive trend downwards despite 
the efforts of the law enforcers. 

Closed seasons or prohibited areas are also very common devices for the protection of 
fish stocks. These are mostly aimed at allowing the fish freedom to complete its reproductive 
cycle unhindered. Unfortunately as many fisheries are based on the concentration or passage 
of fish for breeding purposes, such moves are apt to be unpopular with the fishermen. Indeed, 
many species cannot be easily captured at times other than these and there is a tendency to 
allow such fisheries to persist with the resulting real loss of several species (Labeo 
viotorianus in Lake Victoria, for instance). 

A specialized case of regulation by space is that of fish reserves* Though there are 
few records of extinction of fish species resulting from fishing, many fisheries for individual 
species have collapsed from this cause. Such danger exists in some lakes such as Lakes 
Victoria and Malawi, where industrial trawling for multiple-species oiohlid stocks must lead 
to severe overfishing of some species if others are to be harvested at optimal levels. While 
the risk of such extinctions cannot be estimated, some attention should perhaps be given to 
methods of protecting rare species where possible, e.g., to establish fish reserves within 
which fishing is prohibited* This allows the rarer stocks an opportunity to maintain, at 
least locally, normal densities. Similarly, in floodplain areas where flood control, 
drainage or other schemes are being introduced, the setting aside of areas where "normal" 
flooding can persist is essential to the continued survival of many species of fish which 
spawn in such habitats. There is an important additional advantage. Such reserve areas 
provide base-line data with which to judge the effects of fishing against un fished regions* 

In the overall strategy of fishery development, each country or dominion should consider 
setting aside a small fraction of its lakes and streams as reserves, again for the primary 
purpose of comparison of "natural" stocks against those that are subject to exploitation* 



In this connexion, however, we would emphasize that wholly "natural" systems no longer 
exist. For base line purposes, it is more important that the water bodies used for reference 
not be subject to the changing pressures of man's utilisation, either gradual or rapid. 
An international effort, Project Aqua, to provide for varying degrees of conservation of 
aquatic resources is being promoted by the International Biological Programme and Unesoo 
(Luther and R so ska, 1971). 

A further type of legislation operates at the level of the fishermen. Often this is 
intended to increase the number of fishermen that may be supported by a fishery, as in the 
case of certain types of quota systems or licencing. As an extension of this, as pressure 
has grown on many of the inland waters, traditional migration patterns have been stopped, 
and the free passage of fishermen from foreign countries has been terminated to protect 
local populations. Similarly, new and more efficient techniques of fishing could readily 
displace large number of established art is anal fishermen. In fisheries, where employment is 
a major objective, restriction of a new technique is often desirable. Thus on Lake Victoria 
the fishing grounds of the developing trawler fishery should be confined to the deeper waters 
to protect the populous art is anal sector which exploits the shallow inshore waters. In a lot 
of oases it is probably more effective to control the number of fishermen operating on a 
water body than to control the type or specifications of the gear they use. 

6.2 Environmental Engineering 

While fisheries management is commonly understood to be concerned with regulating the 
amount and kind of fishing, other approaches have been attempted with differing degrees of 
success. Apart from stocking (see section 6.3)1 aquaculture (see section 6.4) and community 
development (see section 6.3), most of these interventions fall under a heading that might 
loosely qualify as environmental engineering. 

Such activities may be purely biological, for instance in the case of selective poison- 
ing of small lakes and streams to remove undesirable species or elements of the stock (Lennon 
et al. , 1971). As an example of this type of management great increases in growth of indivi- 
dual salmon ids have been produced by poisoning feeder streams to reduae the numbers of 
juveniles entering lakes (walker, 1975). Similarly numbers of lakes have been reclaimed for 
use for fisheries by removing vegetation with herbicides. Semi biological activities, for 
example, aeration of water to improve its quality, or nutrient enrichment by sewage discharge 
are described in detail by Dunst et al. , (1974) 

Purely mechanical devices may be used to modify the nature of waterways to favour some 
aspect of the biology of a chosen species. Such activities as dredging and shoreline altera- 
tion in lakes or installation of deflectors and artificial cover in streams (Lagler, 195&) 
have been tried with varying degrees of success. They are usually designed to favour one 
particular species, and may even be detrimental to the fish stock as a whole. They are expen*. 
sive, generally need eons t ant attention and oan probably only ba justified im the eaaa a* 
species of high commercial value. This type of activity probably readies its peak where 
intervention is itself adapted as a fishing method a in the case of brush parka of the 
Lao (Fily and d'Aubenton, 1966) or the fish holes of Dahomey (Weloosune, 1971 ) One related 
problem that has received considerable attention recently has been whether or not to olear 
brush from reservoirs prior to their being filled (Lagler, 1969). PrwyremsKS of br**a. 
olearaaoes facilitate fishing but are expensive and may reduce produotivitgr by vatoaia* tfca 
living space for attached and burrowing organisms. In some oaaaa thaae prograMis hava fcad 
ualookad for side effects on human health, e.g., proliferation of snail basts of bilnarmia 
in the cleared areas. 
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^* ^ Stocking and Introduction of New Species 

The planting of fish into an aquatic system from outside is a useful measure especial- 
ly for the management of small or seasonal bodies of water* The main purpose is to supplement 
or replace recruitment by natural reproduction. In fisheries where exploitation is particular- 
ly intense the brood stock may become so reduced in number that almost the entire catch from 
the fishery depends on fish originating outside the system* There is thus, a good and well 
established correlation between stocking rates and catch per angler in heavily fished waters 
where stocks are frequently maintained at levels above the natural carrying capacity of the 
system. The most extreme example of this type of stocking is where turnover of individuals 
is generally very rapid and there is no natural reproduction. The stocking of small reser- 
voirs and lakes is also widespread although here the optimum number of fish to be stocked 
per unit area depends ultimately on the natural conditions of productivity, growth and 
mortality in the water body concerned, as well as the amount of supplemental fertilisation 
or feeding undertaken. It is especially suitable where nearly complete harvesting is possible, 
as for instance in small seasonal reservoirs. In other waters, where natural reproduction 
is, on average, adequate to maintain stocks over the longterm, large year to year fluctua- 
tions in recruitment are often harmful to fishery development* The continuous stocking of 
large lakes and reservoirs, as for example practised in China, seem to be primarily to 
stabilise annual production. 

The oonstruotion cf dams on many water courses has stopped migratory fish reaching their 
habitual breeding grounds. Artificial fertilisation, rearing and stocking of fry either 
upstream or downstream of the obstacle has enabled stocks of fish to be maintained in 
circumstances where they would otherwise have disappeared* Rice fields or other areas which 
dry up periodically can through repeated stocking also harbour stocks of fish during the wet 
phase which are captured as the system dries out. 

Recently the possibility of poisoning existing populations out of small bodies of water 
in order to reconstruct artificially balanced communities has been proposed as a means of 
obtaining optimum output. Similarly, the creation of stocks of desirable species by plant- 
ing is a common practice especially in Asian waters. Here reservoirs are seeded with 
various species of large cyprinids which are collected as fry in river systems. The fish 
species used do not normally breed in the lacustrine environment and sustained repeated 
stocking programmes are needed to maintain much fisheries. In this instance species which 
would naturally colonise the lacustrine habitats are rare because of the scarcity of lakes 
in the area. 

While stocking to maintain fish populations is undoubtedly effective in such situations 
it is usually not economical in larger bodies of water where natural reproduction of an 
adequate variety of species occurs. In fact it is often forgotten that the natural produc- 
tivity of a system cannot be exceeded in the long term without artificial inputs of nutrients. 
As a result stocking is frequently advocated as a cure for over fishing, or stock depletion 
in situations where it is clearly inapplicable. Furthermore, in large rivers and lakes the 
balancing of numbers stocked against natural mortality between stocking and capture calls 
for such excessive numbers of fish that the exercise becomes uneconomic* 

There has been considerable controversy in North America on the economics of maintain- 
ing fisheries through stocking as opposed to the reconstruction of natural populations in 
lakes where these have been damaged. Until recently stockings have generally been thought 
of as a relatively simple matter of planting the appropriate species but, recent Canadian 
experiences indicate that this is not so. Attempts to re-establish locally extinct stocks 
in lakes have met with little success and it is suspected that because the genetic composi- 
tion of the species, which leads to the formation of geographically distinct sub stocks, 
is not correct, self sustaining populations are not being set up. Little is known of this 
aspeot of stocking, however, and more research is needed to clarify it. 

Where continuous restocking of large lakes sad rivers is practised it is usually because 
the species to be stocked are either of exceptional value, as for certain sport fish, or do 
not require expensive high-protein food as fry or finger lings. The latter, is the main 
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reason for the apparent success of largescale stocking programmes in Asian fisheries* 

Introductions of fish into areas of the world from which they have previously been 
absent is common for all of the major uses of fisheries. The list of aquatic organisms so 
transferred would occupy many pages (see: Jhingran and Gopalakrishnan, 1974, for species 
introduced for aqua culture; Wai ford and Wicklund, 1973, for anadromous organisms 9 and 
Vooren, 1972, for Europe), but certain species can be singled out as having been more general- 
ly selected for transplantation. These include the rainbow trout ( Sal mo gairdneri ) (MoCrimmon, 
1971 *nd 1972) which has been widely distributed mainly for sporting purposes. ?he common 
oarp (Cyprinus carpio) and Ciohlids of the genus Tilapia (principally T. mossanbioa) (Ate, 
1954) have been introduced throughout the tropical world for aquaculture. As previously 
mentioned, Gambusia aff inis has been. used for mosquito control in many countries. 

Some species transfers have been made to fill vacant niches in new (man made) or existing 
lakes, such as the transplanting of the pelagic Limnothrissa miodon from Lake Tanganyika into 
Lake Kariba (Bell-Cross and Bell Grose, 1971 ) *ncL Lake Kivu. The Chinese carps, silver, grass 
and bighead were introduced into Russian reservoirs to feed on phytoplankton and rooted 
vegetation (Nikolsky and Aliyev, 1976). Similarly, the introduction of Lates nilotious into 
Lake Kyoga inserted a major predator into a food web from which one had previously "been 
absent (worthington, 1973)* Other transfers are conceivable where water quality changes 
have annihilated populations of oligotrophic adapted species and replacement with species 
preferring eutrophic conditions is appropriate. 

Such introductions are matters of great controversy and the literature on African waters 
typifies the dispute (Fryer, 1972 and 1973; Stoneman et al., 1973; Jackson, 1973). Examples 
can be oited where the introduced species has had drastic and unexpected effects on the native 
species. Gambusia for instance is an inveterate consumer of fish eggs, the common carp can 
make life intolerable for other species by its habit of stirring up of muddy bottoms 
(Jackson, 1960). The Tilapia species introduced into Lake Victoria have displaced some of 
the native species through competition for nursery grounds (Welcomme, 1967). Arguments 
about the advisability of introducing species depend much upon which objectives are selected. 
Few introductions have reduced the overall catch of food fish from a water, and indeed many 
appear to have succeeded in their primary intention and actually improved it, but they can 
be accused of having ruined a biotope by supplanting native species. An example of the 
latter is the introduction of black bass (Mioropterus salmoides) into Lake Patecuaro, Mexico. 
While the quantity of fish harvested was perhaps increased, the total value has been drastical- 
ly reduced owing to declining catches of the native, highly priced pescado bianco (Chirostoma 
estop). Objections to introductions therefore have been based largely on the grounds of 
conservation which is itself a valid objective for the management of fisheries. 

In considering introductions it is advisable to proceed with caution. (Courteriay and 
Robins, 1973; Regier, 1968). It should first be determined whether the introduction is in 
fact necessary, all too often sonfe enthusiast will council adding yet another element to an 
already complex and successful stock only on the basis that it has done well elsewhere. 
Prospective candidates for introduction should of preference come from adjacent waters or 
the same *o geographical area. Fish species which interact successfully elsewhere will 
probably continue to do so in the environment to be stocked. Should stocking be decided on, 
thorough studies should be undertaken to determine the acceptability of the species and to 
ensure that no unforseen competition will occur. A possible, and often overlooked, source 
of side effects is the introduction of disease along with the stocked species, and for this 
reason an international convention is being anticipated to limit movements of fish and fish 
eggs. Indeed it is often thought convenient to introduce species which will not breed in 
the new environment, or whose breeding or range is limited by climatic factors. One reason 
for the success of trout stockings in the tropical uplands is because there are few native 
species in the trout sone and the trout cannot penetrate the lower altitude warmer waters. 
Even this procedure is not fail-safe, especially where large numbers of fish are artificial- 
ly raised to substantial sise and planted, as with the grass carp* Under these circumstances 
the development of mutant strains capable of natural reproduction is certainly possible, 
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Only after these step* should the actual transfer of species take place even though 
the intention is only to culture the subject species in ponds or aquaria. 

6*4 Aquacul ture 

Fish rearing and fish capture are both approaches to the management of the aquatic 
resource. The distinction between the two is not as clear cut as IB usually supposed, and 
the range of available practices grade into one another* At one end of the scale, capture 
fisheries smy be supported by stockings with cultured fing*rlings v at the other, fry captured 
in the wild may be intensively cultured in ponds. Which method or combination of methods 
is adopted in any situation will depend on the economic and social conditions at the place 
and time. However, as capture fisheries for wild stocks near their maximum potential yields, 
or even decline in favour of alternative uses of the aquatic resource, the importance of 
production of fish by husbandry will inevitably increase. The culture of fish and other 
aquatic organisms implies a greater degree of control over the production cycle and avoids 
any of the hasards associated with fishery of natural stocks subject to variables outside 
the control of fishermen. Conversely, much greater vigilance is required to avoid catastro- 
phic losses, as by disease, overcrowding and other hazards of intense cultivation. 

Aquacul ture itself has a range of objectives, consistant with those quoted in sec- 
tion 9, listed as follows by the TAG Working Group on Aquaoulture (l973)i 

a) Culture for food production 

b) Culture to improve natural stocks through artificial recruitment 
and transplantation 

o) Culture for the production of sport fish 

d) Culture of bait for commercial fishing 

e) Culture of ornamental fish 

f ) Culture Cor industrial or other similar purposes 

Its practice is fairly atuned to social usage in the various areas of the world, and 
very different regional attitudes prevail with regard to the objectives and the methods used, 
la Burope and North America, aquaoulture has commonly been for purposes other than simple 
food production, and even where culture for food has been practised this has been confined 
to the intensive rearing of species that are considered especially desirable. In developing 
countries, however, production is principally for direct human consumption. Even here local 
differences occur, for whilst the majority of fish produced by aquaoulture comes from peasant 
poad culture in Asia (Table V) attempts to introduce similar practices into some African 
countries have had limited success so far. 

Reliable statistics on the actual production and role of .aquaculture are lacking, but 
Pillay (1973) estimates world production of finfish by aquaculture at about 3*6 million tons, 
of which perhaps two-thirds oomes from inland or brackish waters (Table V). 
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TABLE V 

E at j. mated World Production of Fin fish through Aquaoulture 
I condensed from Pillay, 1973) 



Continent 


Production 
t x 1 000 


Asia 


3 287 


Europe (including U.S.S.R. and 

Israel) 


329 


North America 


40 


Latin America 


20 


Africa 


4 


TOTAL 


3 680 



The potential is impossible to assess realistically as it depends on priorities for 
the use of land and water suitable for aquaculture. Present day aquaculture tends to take 
advantage of lands of marginal value to agriculture and the potential production from such 
areas has been variously assessed at between 15 Million tonsC President 1 s Science Advisory 
Committee, 196?) and 40-50sdllion ton* annually (Bardaoh and Ryther, 1968). 

The term aquaculture is used to cover a variety of practices which range from an almost 
complete control over both the aquatic and biotic components of the culture system, to the 
stocking of lakes or reservoirs relying on the natural productivity of the water body stocked* 
These differences are often expressed in terns of intensity, for in general the more control 
exercised over the system, the more fish can be reared per unit area and the more intensive 
the practice* However, intensive aquaculture in ponds, raceways, oages or enclosures is 
very demanding in terms of water quality and quantity, in terms of industrially prepared 
feeds and in terns of disease control. The system therefore is applicable to a fairly narrow 
range of circumstances where the cultured species is of sufficient economic importance to 
justify the high cost involved. Slightly less intensive culture of selected fish species, 
where the natural productivity of the aquatic component is supplemented by locally available 
feeds, is more widespread. Extensive raising of fish by "free range" techniques is useful 
in many areas. This involves the intensive breeding and rearing of fry of the selected 
species which are later stocked into waters where they take advantage of the natural produc- 
tivity to grow prior to cropping. Rioe fields, lakes, reservoirs and temporary pools are 
typical of the environments so treated (see section 6.3) 

Aquaculture nay be combined with other activities. Joint rearing of fish with pigs, 
oattle or ducks is well known in some countries. Rioe cum fish culture is widespread and is 
successful in areas where insecticide use is low. The raising of fish in ponds enriched ty 
sewage or heated by coolant waters from power stations is being investigated. Equally of 
interest are the possibilities of integrating aquaoulture with irrigation schemes, by raising 
fish in oages or enclosures placed in the main oanals or by installing ponds as a part of 
the canal network. 

With regard to other user* of the aquatic resource aquaoulture is Intolerant of most 
forms of pollution. Therefore, if a sone is selected for aquaoulture sone for* of safeguard 
is necessary to protect the station frosi possible effluents arising upstream. As intensive 
aquaoulture oan itself be a polluting and eutrophioating activity, the number of stations 
that oan be sited on one water course are limited. 
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of aquaoulture coupled with capture fisheries are widespread. Young stages of 
migratory fish are artificially bred, reared and stocked where passage to their breeding 
grounds in rivers is obstructed. Similarly, young fish produced by aquaculture are stocked 
into many natural waters to maintain stocks of sport or food species. Capture fisheries may 
alternatively serve as a source of young fish which are stocked into ponds or enclosures or 
oages for rearing to commercial size. 

The practice of aquaoulture vie a vis capture fisheries depends on social, economic and 
ecological considerations. Many successful indigenous forms of extensive aquaculture, which 
take advantage of the habits of fish in the wild, already exist in many parts of the world. 
Such methods tend to be complementary benefit ting both captive and wild stocks. However, 
some forms of aquaculture could by impounding portions of natural waters, deny free living 
fish access to breeding grounds and possibly be detrimental to the wild stocks. 

6.5 Influencing the Social and Economic Environment 

In many countries legislation is ineffective as the means of enforcing the regulations 
are lacking or the intervention of government has not been accepted in this context. In such 
oases effective management may require less direct means of control. Furthermore, develop- 
ments at the level of the human community, tend to assure the integration of fisheries into 
the whole frame of local and regional development. Thus, if fishing intensity is too high, 
alternative occupations should be sought for some of the fishermen, perhaps through assistance 
in establishing the services needed to support the fishery (boat and gear construction, 
engine repairs, fish processing, etc.), or in unrelated occupations. Sometimes this process 
ooours on its own, as in the case of the best fishermen who accumulate capital as a result 
of their fishing success and are able to move on to more acceptable occupations (Scudder, 
personal communication). Loan schemes or other assistance may be a useful way of accelera- 
ting such trend*. 

Many potential fisheries remain unexploited due to their isolation. In such cases the 
Host strategy for development is probably the provision of good roads and landing sites. 
Similarly the local unaooeptabil ity of fish or of some elements of the fish stock as a food 
in certain areas, limits the use of the inland fishery resource. In such cases the search 
for new products or markets can result in the eventual development of the resource. 

In all cases at the community level, an understanding of the needs for control is 
essential to good regulation* Without such understanding laws are disregarded and the best 
efforts of the fishery manager are largely dissipated. Effective fishery extension is there- 
fore one of the most important aspects of all in fisheries management, for in this way the 
'flfthenmtn himself can be encouraged to participate in the rational use of the stocks he 
exploits for his own as well as for the common good. 

7. SUMMAKT 

The maintenance of a fish stock in any bocly of water depends on a variety of factors, 
many of which are external to the fishery or oven to the aquatic system (as summarised in 
Fig. 4)* Given the increasing pressures on water for industrial y agricultural and domestic 
uses, mm well mm on fish stocks themselves for food sport or other purposes, a balance has 
to bo maintained between the requirements for fisheries and those of other us ere. 

Thie balance need not bo difficult to agree upon, given appropriate organisation for 
the discussion and resolution of questions of overall objectives, but may nevertheless be 
difficult to achieve owing to still inadequate understanding of the functioning of such 
complex eystems as lakes and rivers and their accompanying living communities. Nevertheless, 

general prinoiplee appear to be emerging. 
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Figure 4 Diagram of relationships of various factors 
influencing inland fish communities 



Fish communities appear to undergo similar changes when subject to loading whether it 
be from pollution, modification of the environment or fishing pressure. These involve a 
progressive displacement of the community towards the smaller, faster growing but shorter 
lived species. The more highly appreciated species both for food and for sport are usually 
those larger, slower growing ones which disappear early in this process. 

Management of the aquatic system for fisheries under these conditions depends on two 
major policy levels* Firstly the importance of fisheries relative to other users of the 
river or lake basin, and secondly the objectives for the management of the fishery itself* 
The more the fishery objectives concentrate on the larger species the stricter the needs for 
control of both the fishery and other users of the water* 

Fishery managers have a variety of tools which permit them to manipulate the fish 
community. These include legislation to control or direct fishing effort, modification or 
protection of the physical structure of the environment, oulturing fish under more or leas 
controlled conditions, stocking waters with externally produced fish or introduction of new 
elements to the community. However, these can only be successful if the physical environ- 
ment is maintained in a condition that will permit the chosen elements of the community to 
flourish. 
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